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The New Zealand storm-petrel (Pealeornis maoriana Mathews, 1932):
first live capture and species assessment of an enigmatic seabird
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Abstract The New Zealand storm-petrel Pealeornis maoriana Mathews, 1932 was described from 3 specimens collected
in the 19" century. Since 1952 it has most commonly been considered a subspecies of Wilson’s storm-petrel Oceanites
oceanicus exhibiting the ventrally streaked “Pealea” phenomenon. There had been no recorded sightings of the New
Zealand storm-petrel in over 170 years before Jan 2003. Since then, observations off northern New Zealand of storm
petrels believed to be this taxon have been made regularly during the austral summer. From observations and
photographs, these birds appeared more similar to the New Zealand storm-petrel than to other storm petrel species
occurring in the region. However, confirmation of their identity was not possible without capture. In Nov 2005 one was
captured off Little Barrier Is, and 3 more were caught elsewhere in the Hauraki Gulf in Jan 2006. Analyses of detailed
descriptions, photographs, and morphometric data of these birds provide conclusive evidence that they represent an
extant population of the New Zealand storm-petrel. Our analyses of these data and comparison with the New Zealand
storm-petrel museum specimens and 17 other Southern Hemisphere storm petrel taxa (subfamily Oceanitinae), lead us
to conclude that this species is distinct.
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INTRODUCTION

In Jan 2003 a small black-and-white storm petrel
was photographed off Whitianga, Coromandel
Peninsula, New Zealand (36° 43" 45” S; 176° 01’ 58”
E) (Saville et al. 2003; Stephenson et al. 2008). In Nov
2003 at least 10 similarly-plumaged storm petrels
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were seen 2 nm north of Little Barrier Is, Hauraki
Gulf, New Zealand (Flood 2003; Stephenson et al.
2008). Subsequently therehave been 100s of sightings
of these storm petrels in the Hauraki Gulf (Gaskin
& Baird 2005; authors unpubl.). It has been widely
considered that these birds indicated the continued
existence of the New Zealand storm-petrel Pealeornis
maoriana (Saville et al. 2003; Flood 2003; Brooke 2004;
Birdlife International 2006), an enigmatic taxon not
accepted by reviews of the order Procellariiformes
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in the late 20" Century (Ornithological Society of
New Zealand 1990; Warham 1990; but see Brooke
2004; Onley & Scofield 2007).

Both the Jan and Nov 2003 sightings were
initially identified at sea as black-bellied storm-
petrels Fregetta tropica, and it was only examination
of photographs that led to this identification
being questioned (Saville ef al. 2003; Flood 2003).
The possibility of the birds being New Zealand
storm-petrels (NZSP), the name first proposed by
Oliver (1955), was put forward by A.].D. Tennyson
(Museum of New Zealand Te Papa Tongarewa).
Following the 1st sighting, white-vented Oceanites
gracilis and white-throated storm-petrels Nesofregetta
fuliginosa were discounted due to size and plumage
differences (Saville et al. 2003). The possibility that
the Jan 2003 bird was an aberrantly-plumaged
white-bellied Fregetta grallaria, black-bellied or
Wilson's storm-petrel, O. oceanicus, was considered
(Saville et al. 2003) because Garrodia, Pelagodroma,
Fregetta, Nesofregetta and Oceanites very occasionally
exhibit ventral spotting or streaking as variations
from the normal plumage (Murphy & Snyder
1952; Oliver 1955; Trimble 1968; Reed 1979; Bourne
1987; Curtis 1988). However, multiple sightings of
similarly-plumaged storm-petrels discounted this
possibility.

Taxonomic confusion has plagued the NZSP,
largely due to the existence of only 3 specimens and
the presence of several other storm petrel specimens
exhibiting streaked plumage. The collection of the 2
French NZSP specimens in 1827 (kept at the Museum
National d’Histoire Naturelle, Paris, France; Nos.
17 (14393) and 18 (14372)) and the British NZSP
specimen presented in 1895 (kept at the Natural
History Museum, Tring, UK; No. 1895.2.1.11) has
been documented by other authors (Bourne &
Jouanin 2004; Medway 2004; Bourne et al. 2004).

However, during the US Exploring Expedition
1838-1842 visit to Upolu, Samoa (probably during
Oct-Nov 1839 (Wilkes 1845)), a ventrally-streaked
storm petrel was obtained and named Thalassidroma
lineata Peale, 1848, the name being subsequently
used by Cassin (1858). This Upolu specimen is
now kept at the Smithsonian National Museum of
Natural History, Washington DC (USNM-A15713).
The Peale specimen and one of the Paris specimens
(the other seems to have been lost for a time: see
Cassin 1858; Godman 1907; Oliver 1930) showed
plumage similarities, so Bonaparte (1857) assigned
both to Oceanites lineata due to similarities he felt
they shared with Oceanites. Re-examination of
the Peale type by Ridgway (1886) led to further
revision based on several differences to Wilson’s
storm-petrel, and he proposed the new genus Pealea
(hence P. lineata).

Godman (1907) was the 1st to publish a plate
with a colour illustration of 1 of the Paris specimens

by J.G. Keulemans, making mention that both the
Paris and London specimens had come from New
Zealand waters (he also seemed to know of only 1
Paris specimen). Godman retained Pealea lineata and
named it Peale’s storm-petrel.

A 5th similar storm petrel was collected by R.H.
Beck off Huapu Is, Marquesas Is in 1922 (Murphy
1924). Collected whilst feeding in the company of
large numbers of F. grallaria, this specimen is now
held at American Museum of Natural History, New
York (AMNH 194110). Upon examination it was
concluded to show features intermediate between F.
grallaria and F. tropica. Due to its streaked plumage,
it was also included with the other 4 streaked
specimens, but this time they were named Fregetta
lineata (Murphy 1924).

Oliver (1930) concluded that these 4 specimens
(he also knew of only 1 Paris specimen) were distinct,
referring to them as Peale’s storm-petrel F. lineata
after Murphy (1924). Oliver correctly recognised
the Paris specimen’s provenance as East Cape.

Mathews (1932) examined 3 specimens
(apparently the 2 specimens held in Paris and
the 1 now at Tring). Based on similarities among
these, and differences from the Marquesan and
Samoan specimens, he described the 3 as the
new genus and species Pealeornis maoriana, with
the Tring specimen designated as the holotype.
Mathews (1933) provided further description of the
specimens, including drawings of a feather, 2 legs,
and a plate showing a ventral view of the entire
type, and making it clear that the other specimens
in the original description were the 2 in Paris. After
further examination, Mathews (1936) provided an
even more complete description, including several
new comments, and photographs showing a leg
and dorsal and ventral views of 1 specimen.

The situation seemed resolved, with 3 near
identical specimens all originating from New
Zealand, and described as taxonomically distinct,
until Murphy & Snyder (1952) re-examined the 5
streaked specimens. Based on morphometrics and
details of the foot shape, they concluded that the 3
New Zealand birds were a genetically-based pale
phase of O. oceanicus; that the Samoan specimen
was F. tropica; and the Marquesan specimen was F.
grallaria. They linked the streaked plumage of these
birds to that of other storm petrels, particularly F.
grallaria, N. fuliginosa, grey-backed storm-petrel
Garrodia nereis, and white-faced storm-petrel
Pelagodroma marina: the “Pealea” phenomenon
(Murphy & Snyder 1952).

However, Oliver (1955) treated all 3 New
Zealand specimens as a separate species, New
Zealand storm-petrel Oceanites maorianus, because,
at the time, O. oceanicus was thought only to straggle
to New Zealand waters (but see Horning 1976;
Marchant & Higgins 1990; Petyt 2001; Stephenson



et al. 2008, who provide information on records of
O. oceanicus in New Zealand waters), and, where
abundant, is not known to produce colour varieties.
However, the Ornithological Society of New
Zealand’s Checklist Committee (Ornithological
Society of New Zealand 1990) followed Murphy
& Snyder (1952), as have most texts since then
(e.g. Marchant & Higgins 1990 (although they also
suggested the 3 specimens were a form of F. tropica)
and Shirihai 2002). More recently Holdaway et
al. (2001) and Brooke (2004) use O. maorianus, but
Onley & Scofield (2007) and Shirihai (2007) chose to
revert to Pealeornis maoriana.

In an attempt to determine the identity of the
black-and-white storm petrels seen off northern
New Zealand since 2003, we set out to capture
birds in the Hauraki Gulf. We present information
from the first 4 of these birds captured during the
austral summer of 2005-06, and provide detailed
comparisons with the NZSP museum specimens
and other extant Southern Hemisphere storm
petrels (subfamily Oceanitinae).

METHODS

The 1st bird was captured serendipitously on 4
Nov 2005 at approximately 2045 h (NZST), when it
flew into the lit cabin of former wildlife officer G.
Murman'’s fishing boat anchored in Waimaomao
Bay, Little Barrier Is (36° 10" 10" S; 175° 05’ 46" E).
It was held overnight, and examined, measured,
photographed, banded and released next day. It
was checked for ectoparasites and 5 feathers were
taken from the breast for molecular analysis.

Two catching trips on 5-6 and 8-10 Jan 2006
were conducted in the Hauraki Gulf at places
where, based on previous experience, storm petrels
were likely to be found in the prevailing weather
conditions (Gaskin & Baird 2005). Storm petrels,
as with other species of Procellariiformes, are
known to have a well developed olfactory sense
(Verheyden & Jouventin 1994), so we used fish oil
and fish scraps to attract birds. Thirteen hours were
spent attempting to capture birds near 35° 57’ 53" S;
175° 58’ 53" E, an area approximately 6.2 nm south-
west of the Mokohinau Is, Hauraki Gulf (35° 54’ 21"
S; 175° 06" 47" E) during 2 trips consisting of 5 days
in total. Weather was similar during the 2 trips, with
moderate to rough seas (1-3 m swell), and 10-25 knot
SW and SE winds, generally increasing throughout
each day.

Several capture techniques were assessed
during the 2 trips, with all 3 birds being captured
using a net-gun. All birds were banded, weighed
(using a 100 g Pesola) and measured using standard
techniques (tail length, bill length, tarsus length,
mid-toe and claw length) with Vernier callipers to
0.1 mm, except flattened wing chord which was
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measured using a stop rule to the nearest 1 mm.
The brood patch of each bird was also examined.
As all birds were banded upon capture, we refer to
each by its band number (4 Nov 2005, B-97715; 5 Jan
2006, B-94503; 6 Jan 2006, B-94504; and 9 Jan 2006,
B-94505).

All 4 birds were photographed and each was
examined for ectoparasites, which were placed
into 70% ethanol, and later curated and identified.
Morphometric data collected from the captured
birds were compared with measurements from
the NZSP museum specimens and data from 17
Southern Hemisphere storm petrel taxa (subfamily
Oceanitinae) (Table 1). Complete morphological
data were not available, so we conducted a
multivariate analysis using wing length, bill length,
and tarsus length. We standardised all values so that
the sum of the values was 0 and standard deviation
(SD) 1. Analysis was then conducted using these
standardised values. Further, we assessed the
amount of variation between morphometric values
with each species of storm petrel, combining values
for the captured birds and the NZSP museum
specimens, and analysing data for O. oceanicus, O.
gracilis, F. tropica, F. grallaria, N. fuliginosa, G. nereis,
and Pelagodroma marina. This produced a measure
of average standardised morphometric distance
within each species. All statistical analyses were
conducted using SAS. Unless otherwise stated,
means are reported + 1 SD.

Capture, handling, and banding of these birds
was conducted under permit from the New Zealand
Department of Conservation and Animal Ethics
Committee Approval.

RESULTS

Comparison of captured birds with NZSP museum
specimens and other extant storm petrels

A comparison of the morphological characters
of the 4 captured birds with data from the NZSP
museum specimens and another 17 Southern
Hemisphere storm petrel taxa is presented in Table
1. This information shows close agreement between
the measurements from the captured birds with
those taken from the 3 NZSP museum specimens.
It also indicates that most of the taxa with which
comparisons were made show little similarity to
either the captured birds or the NZSP museum
specimens.

Multivariate distance analysis correspondingly
shows that all the NZSP museum specimens have
average distances (units of standard deviation)
<1l from the captured birds (NZSP museum
specimens ranked 1, 4, and 9 out of 51). However,
the analysis also found that F. g. segethi and both
O. o. oceanicus, and O. o. exasperatus have average
distances <1 from the captured birds (F. g. segethi
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ranked 2 and 3 (Table 1, data set 32 and 33,
respectively); O. oceanicus ranked 5, 6,7, 8, 10, 11, 12,
. . , , , . . , and 13 out of 51 (Table 1, data set 12, 45, 15, 8, 10, 9,
11, and 13, respectively)). Therefore, these taxa are
indistinguishable from the captured birds based on
the measurements analysed (wing, bill, and tarsus
lengths). However, all other taxa within F. tropica,
8 85 % T ¥ 8 ® = F. grallaria, N. fuliginosa, G. nereis, and Pelagodroma
. 2 <2 =2 =2 < < ° marina were significantly different to both the
captured birds and the NZSP museum specimens,
S falling outside of this grouping (having average
N - S S S distances >1). Additionally, Pelagodroma marina, G.
OB B o 0o 8 NEB ol o . o .
L O L N N 1B B4 8L 8L nereis, and O. gracilis all fall out as distinct groups,
g & 8 8 8 & & 8 not forming an overlap w1th any (?ther taxa.
Unfortunately, the data is limited for several of
s 5 & = = 5 © & the O.. 0. oceanicus studies, with no measuremgnts
aY o8 nNY 0% o0 % o <% for tail length, mid-toe + claw (therefore leaving
G g T8 ) B8 T8 B I mid-toe + claw/tarsus ratio undeterminable) (see
g § ¥ 8 ¢ ¢ g =% Table 1). This led to a lack of resolution between
the captured birds, the NZSP museum specimens,
) T & & @© & and taxa from O. oceanicus, and F. grallaria. To
oY ¥ n b Nl o =2 of resolve this grouping we examined mean mid-toe
U 1 1 U 1 1 L] . . .
S Eg 2 24 Sa B3$ EB% &9 + claw/tarsus ratio (from those taxa for which this
o O o O O D~ (SN .
o C . T Z© T - could be determined) and 6 other plumage and
structural characters (Table 2) (see Appendix 1). The
e ® & © &8 & & © comparison in Table 2 clearly resolves the lack of
ok P 2 -0 <o =2 N2 «R resolution suggested by Table 1, with the captured
X Ro Re R € Re Re K birds and the NZSP museum specimens sharing all
o [N o~ e o~ Nel o) © .
E & kR ¢ Ik ¢ ¢ 9 6 plumage and structural characters examined, but
O. oceanicus, F. tropica, and F. grallaria differing in 3,
s & & ©§T ©§ & & g© 2, and 5 characters, respectively. Furthermore, the
10 § N § o § o § o § @ § — § ) § mean mid-toe + claw/tarsus ratio of the captured
B B 88 8BS B B8 T B birds differed significantly to F. tropica and F.
5 © B8 ¥ 8 B B B grallaria, and although still significantly different
- - - = = = = = to that of O. oceanicus, this difference was less. The
captured birds also differed significantly from the
o © o b o B o D NZSP museum specimens, with the former being
slight larger, and this will be discussed later.
- o + - - - - - Appendix 1 contains a complete description
- - = oo of the plumage and structural characters of the
captured birds, NZSP museum specimens, O.
9 R oceanicus, F. tropica, and F. grallaria. This comparison
< 2 > —é'é shows that in a number of other subtle ways, the
| % % L captured birds and NZSP specimens are clearly
§ v @] g different to the other taxa examined. The long
< 8 g S narrow toes of NZSP agree more closely with
WV .
g = = 'z O. oceanicus, as noted by Mathews (1932; 1933).
E £ 5 E There seems to be a gradation in the toes/claws of
= = s @ = these taxa, from the flattened and short toes, with
& 5 55 S -
g S £ S relatively blunt, flattened, and almost round claws
S S S S of F. grallaria; to rather less flattened and relatively
= = = = =
< S So £3 Sa
% § o _§ é é Fg _§ E Table 1. Continued. ! Murphy & Snyder 1952, ? Bourne & Jouanin 2004, *
E a;w OQO:E goz DGO:_\—" Copestake & Croxall 1985, * Weimerskirch et al. 1989, ® Jouventin et al. 1985,
E S & = "J\ ST = "1\ © Murphy 1918, 7 Roberts 1940 (corrected by Beck & Brown 1972), * Beck &
6 & 'Mm & n] & % & i) Brown 1972, ? Murphy 1936 (taken from Brooke 2004), '° Harris 1969, ' Beck
- & Brown 1971, ' Warham & Bell 1979, '* ABBBS, reported in Marchant &
K5 . o — . o <« 0 © Higgins 1990, ' Marchant & Higgins 1990, '* Murphy 1928, '° Fraser et al. 1988,
..g < Lo Lo Lo Lo Lo Lo Lo 7 Murphy 1924, '8 Imber reported in Marchant & Higgins 1990, ' Murphy &
= Irving 1951, * B. Stephenson, unpubl.
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Table 2. Plumage and structural character descriptions of the captured birds, the NZSP museum specimens, O. oceanicus,

F. tropica and F. grallaria.

Character Captured NZSP museum 0. . .
. . . F. tropica .
birds specimens oceanicus grallaria
Webs of feet black Y Y N Y Y
Toes narrow and claws unflattened Y Y Y Y N
Relati\{e toe length (longest to shortest = middle, N Y v N N
outer, inner)
Basal colour of chin and throat feathers pale Y Y N Y N*
Pale bases to primary feathers Y Y Y N N
Concealed white base to both inner and outer web N N N N N
of outer rectrices
Number of character differences from captured B None Three Two Five
birds
Mean mid-toe + claw/tarsus ratio for the species 0.82 + 0.77 + 0.02 0.83 + 0.72 + 0.61 +
0.05 e 0.04 0.03 0.02

*based on F. g. grallaria, but note differences with F. g. titan

longer toes of F. tropica; to the long narrow toes of
NZSP (Fig. 1); to the long slender toes of O. oceanicus.
However, toe shape should be used cautiously as a
distinguishing characteristic, as the differences seen
within Fregetta are substantial compared to those
between NZSP and F. tropica. The webs of the feet in
both O. oceanicus and O. gracilis are coloured (Zink
& Eldridge 1980), whilst those of both Fregetta spp.
and NZSP are black.

The bill shape of NZSP (Fig. 2) is distinctly more
like that of Fregefta, being slightly down-curved
with a bulbous but sharply hooked tip, quite unlike
the fine, straight bill of Oceanites and Garrodia.
While these features are not as extreme in NZSP as
in F. grallaria, they certainly share some similarities.
It would be useful to have more material (photos,
drawings, descriptions) from live birds of both
Fregetta and Oceanites, as comparisons with museum
specimens are limited. Comparison of the nostrils
of the captured birds with those of the other taxa
again suggest that they are structurally more like
Fregetta than Oceanites, having the distal end raised
more prominently from the culminicorn, with the
opening directed upwards at a greater angle.

The streaked underparts of NZSP also represent
a feature found consistently in this species (Fig.
3), but not in any of the other taxa examined. This
streaking appears to vary from bird to bird and may
allow individual recognition from examination of
photographs of wild birds.

As might be expected from differences in the
morphological structure of this species, the flight
progression of NZSP is distinctive, being generally
close to the sea surface, with a rapid, erratic, and
swiftlet-like character. Whilst similar to O. oceanicus,
they generally appear to sweep across the surface

more and are less buoyant. Their flight behaviour
therefore often renders them inconspicuous. The
combination of these features sets them apart from
all storm petrel taxa whose range they share (Fig.
4).

Of particular importance in distinguishing
between F. tropica and F. g. grallaria is the colour of
the base of the feathers on the throat (Marchant &
Higgins 1990; pers. obs.). F. g. grallaria has feathers
which are completely dark, as does O. oceanicus.
Contrastingly, however, examination of F. g. titan
shows that this taxon has pale windows to the dark
feathering of the throat. Both F. tropica and NZSP
also have dark feathers with pale central windows
on either side of the rachis. Although the throat
feathers of F. tropica and NZSP show a similar

Fig. 1. Long narrow toes and unflattened claws typical
of NZSP. Photo of B-94503, captured 5 Jan 2006. Photo by
Rohan Clarke.
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Table 3. Range of morphological variation found within recognised storm petrel taxa from the Southern Hemisphere
(subfamily Oceanitinae). Data derived from studies shown in Table 1.

Storm petrel species

Number of recognised
subspecies/number
included in the analysis

Number of studies
sampled in the analysis

Average standardised
morphometric distance

Captured birds and NZSP museum
specimens combined

O. oceanicus 2/2
O. gracilis 2/2
F. tropica 2'/1
F. grallaria 4/4
N. fuliginosa 0/1
G. nereis 0/1
Pelagodroma marina 6/6

0.554 + 0.254

0.528 +£0.254
0.588 +0.226
0.586 +0.224
1.468 +0.789
0.640
0.472 +£0.166
0.820 + 0.403

N A = O O W N

" Debate continues over the existence of F. tropica melanoleuca and its placement within F. tropica.

(but not identical) pattern, in both species they are
distinctively different to O. oceanicus.

Another character separating NZSP and F. g.
grallaria is the concealed white bases to the outer
rectrices. Both F. tropica and NZSP share similarly
patterned white inner and outer webs at the bases of
these feathers, whilst F. g. grallaria and O. oceanicus
have a slightly differently shaped white pattern
only on the inner web, the outer web being dark.

Lastly, the overall plumage colouration should
be highlighted with reference to O. oceanicus and
the 2 Fregetta spp. The underwing pattern shown in
the drawing of the NZSP type in Mathews (1933)
shows the outer webs of the median under primary
coverts as dark, with white inner webs, and this
feature was seen in the captured birds, and was

Ll 114,

Fig. 2. Closeup of the head and bill of B-94504, captured
6 Jan 2006. This photo shows the typical sloping forehead
of NZSP, as well as the bill and nostril structure. Photo by
Rohan Clarke.
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clearly visible in photographs of birds in the field
(Flood 2003; Gaskin & Baird 2005). It appears to be
diagnostic of the species. Moreover, the patterning
of pale and dark feathers in the undertail coverts
points to a species different from the other black-
and-white storm petrels.

To examine our assertion that the captured birds
and NZSP museum specimens represent a distinct
species, separable from other storm petrel taxa, we
conducted a further analysis to determine the level
of variability within the morphological characters
of other recognised storm petrel species (Table 3).
This analysis investigated the average standardised
morphometric distance for the 7 species shown in
Table 3, and found considerable morphological
variation within these currently recognised species
of storm petrel. The level of variation discovered
varied from 1.468 + 0.789 in F. grallaria, to 0.472
* 0.166 in G. nereis. The combined value for the
captured birds and NZSP museum specimens
showed a relatively low variation of 0.554 + 0.254,
less than all other taxa except for O. oceanicus and
G. nereis. Of note is the amount of variation within
F. grallaria, which is considered a single species
containing 4 sub-species. It appears that each of
these taxa falls along a size gradient, suggesting
individually identifiable populations based on
morphology alone exist.

Overall, the characters examined show that the
captured birds and the NZSP museum specimens
are the same species, which is distinct from all other
taxa examined.

Feather Lice (Insecta: Phthiraptera)

One feather louse was collected from the back of
B-97715, and 1 from the underside of each wing
at the base of the primaries of B-94503. All 3 lice (1



male and 2 female) were identified as Philoceanus
fasciatus (Carriker, 1958)(Fig. 5).

Age and breeding status of captured birds

All 4 birds had downy brood patches and were
scored as 0. B-94504 had several body feathers
adjacent to the brood patch just erupting from pin,
but this may have simply been due to the body
moult it was undergoing.

DISCUSSION

As the analysis above has shown that the captured
birds and the NZSP museum specimens represent
the same species, we now refer to them both as the
New Zealand storm-petrel (NZSP).

Morphological analysis and comparison of NZSP
with other extant storm petrels

The multivariate analysis shows that the 4 captured
birds are most similar to the 3 NZSP museum
specimens, O. oceanicus, and F. g. segethi. A lack of
additional morphological data for many taxa meant
that this grouping could not be further resolved
using statistical analysis. It is not surprising that this
grouping included O. oceanicus, with which NZSP
has often been considered to have a close taxonomic
relationship based on morphology (Murphy &
Snyder 1952), being variously considered as a
genetically-based plumage variant of O. oceanicus
(Murphy & Snyder 1952) or as a separate species
O. maorianus (Oliver 1955). However, the inclusion
of F. g. segethi was more of a surprise, clearly due to
the similarity in the measures examined (wing, bill,
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Fig. 3. Two photos showing the
streaked underpartsof NZSP. Leftis
B-94503 and right is B-94505. These
birds are considered moderately
streaked individuals, with B-94503
having slightly heavier streaking.
Photos by Rohan Clarke and
Halema Jamieson, respectively.

and tarsus length). That 2 genera were shown to
be morphologically indistinguishable from NZSP
in the statistical analysis shows how similar these
storm petrel species are with respect to morphology.
However, it does not take into account the additional
differences in the plumage and structure examined
in Table 2.

All other taxa examined in the analysis were
significantly different with respect to morphology.
This confirms that the NZSP is distinct from these
other taxa, and it should be noted, from all other
F. grallaria subspecies (F. g. grallaria, F. g. titan, and
F. g. leucogaster). Clearly there are other differences
between NZSP and Pelagodroma marina, but this
taxon was included for completeness, and due to
size comparisons made with the suspected NZSP
during early field observations. Moreover, these
results in general also support assertions that birds
observed in the field were smaller than both Fregetta
species (Saville et al. 2003; Gaskin & Baird 2005).
Interestingly, according to the analysis, Pelagodroma
marina, G. nereis, and O. gracilis all fell out as
distinct groups in the morphological analysis, not
overlapping with any other taxa, giving strong
support for their distinctiveness.

Structural and plumage comparison of NZSP with
other extant storm petrels

Comparison of additional plumage and structural
characters (Table 2) enabled us to demonstrate
the similarity between the captured birds and the
NZSP museum specimens, whilst differentiating
them from all taxa of O. oceanicus, F. tropica and
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Fig. 4. Two different NZSPs in flight, showing the underparts
(taken 5 Jan 2006) and upperparts (taken 6 Jan 2006). Photos
by Brent Stephenson.

F. grallaria. Even O. oceanicus and F. grallaria, of
which some taxa examined were indistinguishable
based on the multivariate analysis (see above),
were separated by at least half of the 6 characters
examined. It is our opinion that had a complete
dataset been available for the multivariate analysis,
this would probably have eliminated any Fregetta
taxa from the grouping. However, the mean mid-
toe + claw/tarsus ratio for O. oceanicus fell very close
to that of the captured NZSP. Furthermore, the
significant difference between the captured birds
and the NZSP museum specimens is perhaps as a
result of shrinkage (Bretagnolle et al. 1991), or the
difficulty in accurately measuring the toe + claw
length once specimens have hardened.

The further comparison of the characters
examined in Appendix 1 showed additional
differences between the NZSP and the other taxa
examined. Thelong narrow toes, shape and structure
of the bill and nostrils, streaked underparts, and
flight progression, were particularly important in
this analysis.

The examination of storm petrel specimens at
the Museum of New Zealand Te Papa Tongarewa,
Auckland Institute and Museum, and the British
Natural History Museum shows a great deal of
variability exists in the patterning of the breast and
belly of F. tropica, but no bird showed patterning

Fig. 5. Male Philoceanus fasciatus (Carriker, 1958) collected
from B-97715 at Waimaomao Bay, Little Barrier Is, 4 Nov
2005 by Richard Griffiths. Photo by Jean-Claude Stahl.

remotely similar to the streaking seen in NZSP. The
only truly streaked F. tropica collected to date is the
Samoan specimen of Thalissidromalineata (Peale 1848;
Murphy & Snyder 1952). Similarly, there are almost
no records of F. grallaria showing similar streaked
underparts, except for the Marquesan specimen
(Murphy 1924; Murphy & Snyder 1952). Even
intermediate or dark morph individuals evident
in some populations of F. g. grallaria (Lord Howe
and Kermadec Islands) are not streaked but show
gradual darkening of the plumage in the axillaries
and flanks, with the belly remaining pale in all
but the darkest individuals (Marchant & Higgins
1990; pers. obs.). Occasional aberrantly plumaged
O. oceanicus have been recorded (Murphy 1918;
Murphy & Snyder 1952; Oliver 1955; Trimble 1968;
Bourne 1987; Curtis 1988). However, these have not
shown streaking on the lower-breast and belly. To
date, there has been no record of any population of
storm petrel that shows similar prominent streaking
to that found in the NZSP.

Morphological variation currently accepted within
other storm petrel species

The statistical analysis of morphological variation
within accepted storm petrel species showed
that variation found within the NZSP (including
captured birds and museum specimens) to be less
than that found within both species of Fregetta, N.
fuliginosa, O. gracilis, and Pelagodroma marina. Only
O. oceanicus and G. nereis showed less variation.
Clearly the variation found within and between the
captured birds and the NZSP museum specimens is
within the limits of currently accepted storm petrel
species, and in many cases much less.

It is interesting that we found a relatively low
amount of variation in O. oceanicus, as it is generally
considered that this species has 2 distinct sub-
species, but our results suggest that this may be
clinal and related to latitude, rather than to actual
separable sub-specific differences (see Brooke 2004).
G. nereis is generally considered to be monotypic,



and our analysis supports this, with this species
having the lowest amount of morphological
variation. Furthermore, the relatively high variation
found within F. grallaria would suggest this species
needs urgent review. Our data would suggest that
the variation found within this species is much
higher than that found within any other storm petrel
species examined, and may indicate that some taxa
within this species warrant full species status. The
plumage variation in F. g. titan, mentioned above,
suggests that further plumage variation may exist
within the F. grallaria complex.

Feather Lice (Insecta: Phthiraptera)

Evidence for a taxonomic link between NZSP and
Fregetta is provided by the Philoceanus fasciatus
collected from 2 of the captured NZSP. The louse
genus Philoceanus Kellogg, 1903 presently contains
6 valid species, all parasitic on storm petrels (Price
et al. 2003). Philoceanus fasciatus has been previously
recorded from both F. tropica and F. grallaria and is
morphologically very differentfromboth Philoceanus
robertsi (parasitic on O. oceanicus) and Philoceanus
garrodiae (on G. nereis) (Clay 1940; Timmermann
1961; Clay & Moreby 1967).

Co-speciation of hosts and their lice has been
found to be relatively common among petrels and
albatrosses (Paterson et al. 2000; Page et al. 2004).
If the host-parasite association between the NZSP
and the louse Philoceanus fasciatus was regarded as
an indication of phylogenetic relationship, it would
again indicate that the NZSP is more closely related
to Fregefta than to either Oceanites or Garrodia.

Age and breeding status of the captured birds
The downy brood patches of all 4 birds indicated
that they were not breeding when caught. Non- or
pre-breeding storm petrels captured near breeding
colonies may exhibit bare brood patches (Allan
1962; Beck & Brown 1972; McFarlane Tranquilla ef al.
2003), whilst brood patches of breeding storm petrels
begin denuding about a month before egg-laying
(O. castro 20-40+ days: Allan 1962; European storm-
petrel Hydrobates pelagicus < 30 days: Lockley 1983; F.
tropica ~30 days: Beck & Brown 1971; O. oceanicus 30-
50 days: Beck & Brown 1972). Regrowth of the down
differs between species with respect to hatching date
(O. castro within a few weeks: Allan 1962; O. oceanicus
55 + days: Beck & Brown 1972). First year H. pelagicus
rarely visit breeding colonies, and only at 2 years old
are they often recaptured at colonies (Okill & Bolton
2005; see Cramp 1998 for other species). Given that
the 3 birds captured in Jan did not show any sign of
brood patch denudation, when they should have if
visiting a breeding colony, it is likely that these birds
were immature and of pre-colony-visiting age. Based
on arrival and departure dates of these birds in the
Hauraki Gulf, we suggest birds should be incubating
eggs during Dec and Jan.

New Zealand storm-petrel 201

An unravelling taxonomy

Through the comparison of morphometric data
and plumage characteristics presented here, it is
evident that the recently captured storm petrels and
the NZSP museum specimens are the same species.
Furthermore, the NZSP is distinct from all other
storm petrel taxa examined in this study, including
O. oceanicus, which implies that Murphy & Snyder
(1952) were incorrect in their assessment of the 3
specimens as being a “Pealea” phase of O. oceanicus.
Molecular work to investigate the relationships
between these Fregetta spp. and links to Pealeornis
is warranted.

ACKNOWLEDGEMENTS

We thank Alan Tennyson, Museum of New Zealand Te
Papa Tongarewa for making the initial suggestion that
the Whitianga bird resembled the specimens of New
Zealand storm-petrel; Geordie Murman for capturing and
holding the 1st storm petrel on 4 Nov 2005; Brett Rathe for
his help during these captures and previous trips; Sandy
Bartle, Jean-Claude Stahl and Gillian Stone, Museum of
New Zealand Te Papa Tongarewa; Brian Gill, Auckland
Institute and Museum; Ian Southey for access to photos,
measurements, and descriptions of the 3 NZSP museum
specimens; Robert Prys-Jones, Mark Adams, Katrina Cook
and Jo Cooper at the British Natural History Museum and
Jean-Francois Voisin at the Museum National d"Histoire
Naturelle, Paris for their help with the study of the 3 NZSP
museum specimens; Malcolm Schuyl and Anne Préviato
for the photography of the specimens; Phill Cassey for
running the statistical analyses in this paper and for
significant input on this manuscript; Rohan Clarke and
John Ewen for help during the Jan captures, and Rohan
Clarke, John Ewen, Mark Hauber, Bruce Robertson, Paul
Sagar, and Paul Scofield for reviewing this manuscript.

LITERATURE CITED

Allan, R.G. 1962. The Madeiran storm-petrel Oceanodroma
castro. Ibis 103b: 274-295.

Ardern, S.L.; McLean, I1.G.; Anderson, S.; Maloney, R,;
Lambert, D.M. 1994. The effects of blood sampling on
thebehaviour and survival of the endangered Chatham
Island black robin Petroica traversi. Conservation Biology
8: 857-862.

Beck, J.R; Brown, D.W. 1971. The breeding biology of the
black-bellied storm-petrel Fregetta tropica. Ibis 113: 73-
113.

Beck, J.R.; Brown, D.W. 1972. The biology of Wilson’s
storm-petrel Oceanites oceanicus (Kuhl), at Signy
Island, South Orkney Islands. British Antarctic Survey
Scientific Reports 69. London: British Antarctic Survey.

BirdLife International 2006. Species factsheet: Oceanites
maorianus. Downloaded from http://www birdlife.org
on 19/06/2006.

Bonaparte, C.L. 1857. Conspectus Generum Avium. Vol 2.
Leiden: E.J. Brill.

Bourne, W.R.P. 1987. Parallel variation in the markings of
Wilson’s and Leach’s storm-petrels. Sea Swallow 36: 64.

Bourne, W.R.P.; Jouanin, C. 2004. The origin of specimens
of New Zealand storm petrel (Pealeornis maoriana
Mathews, 1932). Notornis 51: 57-58.



202 Stephenson et al.

Bourne, W.R.P.; Jouanin, C.; Catto, ].V.F. 2004. The original
specimens of the New Zealand storm-petrel. Notornis
51:191.

Bretagnolle, V.; Carruthers, M.; Cubitt, M.; Bioret, F.;
Cuillandre, J.-P. 1991. Six captures of a dark-rumped,
fork-tailed storm-petrel in the northeastern Atlantic.
Ibis 133: 351-356.

Brooke, M. de L. 2004. Albatrosses and petrels across the
World. Oxford: Oxford University Press.

Carriker, M. A. (Jr). 1958. Neotropical Mallophaga
miscellany No. 7. New Mallophaga from the Antarctic.
Acta Zoologia Lilloana 15: 183-188.

Cassin, ]. 1858. United States Exploring Expedition during the
years 1838, 1839, 1840, 1841, 1842. Under the command
of Charles Wilkes USN. Mammalia and Ornithology.
Philadelphia: J.B. Lippincott and Co.

Clay, T. 1940. Anoplura. British Graham Land Expedition,
1934-37, Scientific Reports 1(5): 295-318, 11 Figs, 1 pl.

Clay, T.; Moreby, C. 1967. Mallophaga (biting lice) and
Anoplura (sucking lice). Part II: Keys and locality
lists of Mallophaga and Anoplura. Pp. 157-169, 177-
196. In: Gressitt, J.L. (ed.) Antarctic Research Series 10:
Entomology of Antarctica. Washington, D.C.: American
Geophysical Union.

Copestake, P.G.; Croxall, ].P. 1985. Aspects of the breeding
biology of Wilson’s storm-petrel Oceanites oceanicus at
Bird Island, South Georgia. British Antarctic Survey
Bulletin 66: 7-17.

Cramp$S.1998. Cramp’s complete birds of the Western Palearctic.
CD, Software©Optimedia, Oxford University Press.

Curtis, W.F. 1988. An example of melanism in Wilson’s
storm-petrel. Sea Swallow 37: 63.

Flood, B. 2003. The New Zealand storm-petrel is not
extinct. Birding world 16: 479-483.

Fraser, M.W_; Ryan, P.G.; Watkins, B.P. 1988. The seabirds
of Inaccessible Island, South Atlantic Ocean. Cormorant
16: 7-33.

Gaskin, C.P.; Baird, K.A. 2005. Observations of black and
white storm petrels in the Hauraki Gulf, November
2003 to June 2005. Were they of New Zealand storm-
petrels? Notornis 52: 181-194.

Godman, F. du Cane 1907. A monograph of the petrels. Part
1, pp. 1-68. London: Witherby and Co.

Harris, M.P. 1969. The biology of storm petrels in the
Galapagos Islands. Proceedings of the California Academy
of Science 37: 95-166.

Holdaway, R.N.; Worthy, T.H.; Tennyson, A.J.D. 2001.
A working list of breeding bird species of the New
Zealand region at first human contact. New Zealand
Journal of Zoology 28: 119-187.

Horning, D.S. (Jr). 1976. Wilson’s storm-petrel at Kaikoura.
Notornis 23: 119.

Jouventin, P.; Mougin, J.-L.; Stahl, J.-C.; Weimerskirch, H.
1985. Comparative biology of the burrowing petrels of
the Crozet Islands. Notornis 32: 157-220.

Lockley, R.M. 1983. Flight of the storm-petrel. London:
David and Charles.

McFarlane Tranquilla, L.A.; Bradley, R.W.; Lank, D.B.; Williams,
T.D.; Lougheed, LW.; Cooke, F. 2003. The reliability of
brood patches in assessing reproductive status in the
marbled murrelet: words of caution. Waterbirds 26: 108-118.

Marchant, S.; Higgins, P.J. (eds) 1990. Handbook of
Australian, New Zealand and Antarctic birds. Vol. 1, Pt A:
Ratites to petrels. Melbourne: Oxford University Press.

Mathews, GM. 1932. (Untitled: Description of Pealeornis
maoriana). Bulletin of the British Ornithologists” Club 52: 132.

Mathews, G.M. 1933. On Fregetta Bonaparte and allied
genera. Novitates Zoologicae 39: 34-54, pls 4-9.

Mathews, G.M. 1936. A supplement to the birds of Norfolk and
Lord Howe Islands towhich is added those birds of New Zealand
not figured by Buller. London: H.F. and G. Witherby.

Medway, D.G. 2004. The place of collection of the original
specimens of Pealeornis maoriana Mathews, 1932.
Notornis 51: 58-59.

Murphy, R.C. 1918. A study of the Atlantic Oceanites.
Bulletin of the American Museum of Natural History 38:
117-146.

Murphy R.C. 1924. Birds collected during the Whitney
South Sea Expedition. II. American Museum Novitates
124:1-13.

Murphy R.C. 1928. Birds collected during the Whitney
South Sea Expedition. IV. American Museum Novitates
322:1-5.

Murphy, R.C. 1936. Oceanic Birds of South America. New
York: American Museum of Natural History.

Murphy, R.C.; Irving, S. 1951. A review of the Frigate-Petrels
(Pelagodroma). American Museum Novitates 1506: 1-17.

Murphy, R.C.; Snyder, J.P. 1952. The “Pealea” phenomenon
and other notes on storm petrels. American Museum
Novitates 1596: 1-16.

Okill, ]J.D.; Bolton, M. 2005. Ages of storm-petrels
Hydrobates pelagicus prospecting potential breeding
colonies. Ringing and Migration 22: 205-208.

Oliver, W.R.B. 1930. New Zealand birds. Wellington: Fine
Arts (NZ).

Oliver, W.R.B. 1955. New Zealand birds. 2™ edn. Wellington:
A.H. and A.W. Reed.

Onley, D.; Scofield P. 2007. Albatrosses, petrels, and
shearwaters of the World. London: Christopher Helm.

Ornithological Society of New Zealand (Turbott, E.G.
Convener) 1990. Checklist of the Birds of New Zealand
and the Ross Dependency, Antarctica. Auckland: Random
Century and Ornithological Society of New Zealand.

Page, R.D.M.; Cruickshank, R.; Dickens, M.; Furness, RW.;
Kennedy, M.; Palma, R.L.; Smith, V. 2004. Phylogeny
of “Philoceanus complex” seabird lice (Phthiraptera:
Ischnocera)inferred from mitochondrial DNA sequences.
Molecular Phylogenetics and Evolution 30: 633-652.

Paterson, A.M.; Wallis, G.P.; Wallis, L.]J.; Gray, R.D. 2000.
Seabird and louse coevolution: Complex histories
revealed by 125 rRNA sequences and reconciliation
analyses. Systematic Biology 49: 383-399.

Peale, T.R.1848. United States Exploring Expedition during the
years 1838, 1839, 1840, 1841, 1842. Under the command
of Charles Wilkes USN. Mammalia and Ornithology.
Philadelphia: C. Sherman.

Petyt, C. 2001. The occurrence of Wilson’s storm-petrel
(Oceanites oceanicus) in New Zealand waters. Notornis
48: 54-55.

Price, R.D.; Hellenthal, R.A.; Palma, R.L. 2003. World
checklist of chewing lice with host associations and keys to
families and genera. Pp. 1-448. In: Price, R.D.; Hellenthal,
R.A.; Palma, R.L.; Johnson, K.P.; Clayton, D.H. The
chewing lice: world checklist and biological overview.
Illinois Natural History Survey Special Publication
24.

Reed, S.M. 1979. Albino white-faced storm-petrel. Notornis
26:197.



Ridgway, R. 1886. Description of a new genus of
Oceanitidae. Auk 3: 334.

Roberts, B.B. 1940. The life cycle of the Wilson's petrel
Oceanites oceanicus (Kuhl). British Graham Land
Expedition 1934-37 Scientific Report 1: 141-194.

Saville, S.; Stephenson, B.; Southey, 1. 2003. A possible
sighting of an “extinct’ bird — the New Zealand storm-
petrel. Birding World 16: 173-175.

Shirihai, H. 2002. The complete guide to Antarctic wildlife.
New Jersey: Princeton University Press.

Shirihai, H. 2007. A complete guide to Antarctic wildlife.
Second Edition. London: A & C Black.

Stephenson, B.M.; Flood, R.; Thomas, B.; Saville, S. 2008.
Rediscovery of the New Zealand storm-petrel (Pealeornis
maoriana Mathews 1932): two sightings that revised our
knowledge of storm petrels. Notornis 55: 77-83.

Trimble, B. 1968. Aberrant Wilson’s petrel on the
Newfoundland Grand Banks. Auk 85: 130.

New Zealand storm-petrel 203

Timmermann, G. 1961. Gruppen-Revisionen bei
Mallophagen. III. Genus Philoceanus Kellogg, 1903.
Zeitschrift fiir Parasitenkunde 20: 525-537.

Verheyden, C.; Jouventin, P. 1994. Olfactory behavior of
foraging Procellariiformes. Auk 111: 285-291.

Warham, J. 1990. The petrels: their ecology and breeding
systems. London: Academic Press.

Warham, J.; Bell, B.D. 1979. The birds of Antipodes Island,
New Zealand. Notornis 26: 121-169.

Weimerskirch, H.; Zotier, R.; Jouventin, P. 1989. The
avifauna of the Kerguelen Islands. Emu 89: 15-29.
Wilkes, C. 1845. Narrative of the United States Exploring
Expedition during the years 1838, 1839, 1840, 1841,
1842. With illustrations and maps. In five volumes.

Philadelphia: Lea and Blanchard.

Zink, R.M.; Eldridge, J.L. 1980. Why does the Wilson’s
petrel have yellow on the webs of its feet? British Birds
73:385-387.



Stephenson et al.

vordoay " 0y
IP[IWIS ‘SMOPUIM [EIJUD JIYm Sey

siyoex ayy Suoe
dn pue aseq ay) usamiaq Surpud)xd

suswpads sure ayj ur yuaredde se
jou ‘Team 0} anp duereadde pajeory)

wiom 10 pajied siayjeay ssajun

upg1y -8+ ‘saseq Ko18 ysrumorq yym - A[[ensn YIep yjrm ‘Ioyjeaj auj Jo apIs saseq Aa13 syrep  ared ‘pappows e sey uswiwads Surr,  souereadde pajeoryy Nrep Surard
uMOoIq ysBpe[q/e[q Apueurwopaid  Yoes U0 MOPULM [BIJUSD AJIYM B UYIIM  UJIM umoiq ysppelq Apueurwopard  ‘sdiy  umoiq yspperqsperq yim  sdn umoiq-ysppeq/sperq yim ‘aseq
“jrep Appo1dumon soyjeay  ‘dny pue aseq je umoiq yIep s1oyes]  Sjrep A3a1dwon syjeay oyym  Apueurwopard  siayjeag  je ayym  Apueurwopard  sioyjesg JeoIy L
(s0st6-4) 2deu uo sayeay
AMYM I[3UIS Yirm duo pue (05H6-d
- yoyed [ero] a3rym moys usjjo pue ¢1//6-q) yored ferof ared [ews
UMOIq-ysppe[q/oerg uMOIq-ysopeq/derg  safruaan( “UmoIq-ysnperq/yoerg UMOIQ-USDPR[/3Oe[ UM OM]  “UMOIG-Ysppe[q/yde[g peay
aeumyg
¢ WIOM UdyM UIOM USUM [BAO I0W SUIuodaq (s19paa1q-a1d ur) 1eam jo uSis ou
PUNOI JSOWE ‘UIOMUN USYM dPIM  ‘UIOMUN Udym opim uey} 128uof apm se guof se apim se Guo se sown g7 “dny dreys ‘opim se Suof se sowm ¢'T
ueyy 1a8uoy Apysis ‘padeys-a8pam  sawn ¢ ueyy ssaf ‘padeys-speds  sawm g “aseq ueyy di oy 1esop jurod  ‘dn ueyy aseq o3 1asop jutod 3sapeorq  ‘dn ueyy aseq 03 1asop Jutod jsapeoiq
pue jej SME S90) PIM PIUDNE[] PUE PIUDNE[j SME[D S90} MOLIEN  JSIPLOIQPIUdNL[J SME[D 590} MOLIEN  ‘paudnefy APYSI[s sMe 500} MorteN  ‘pauayely APYSI[s smep 590} morreN SME[D/S30],
suawads ur L oelq pajured arom suswpads stre |
pue p[ay ayp ur 9[qisia ‘saypjed ofed oy jo sqom pue 3993 oy uonsa33ns pPRY
Sqam Xde[q 3995 doerg Sqam pe[q a9y yoefg  93urIO-MO[[aK aALY SGOM J99) oe[d  SWOS  ‘SGOM  PB[q 499  Pefg Ul dIep A[qISIA ‘sqam oe[q 9] yoerg SqaM/1994
1SIB) PAR[[INIS e[ 1818} Paj00q de[g 1818} Pajo0q oe[g 1S18] Paj00q Selg 118} Pa300q “de[g 1s1e],
noy 0}
¢ Suruado yoear jou seop umowjun wnjdas ¢ Suruado ypear jou saop wnydas yos “Guruado ypear jou seop wmnydas
wmnjdas “UIOdIUTWND WOIJ PAYI[ ST PUE  “UIOdIUIWIND wWoxy payl] Apusurword  “wrodrumumnd woxy payr ApySis st pue D}aSa4q pue saj1Upad() JUBIXD IYI0  “wIodIumund woxy payr ApySis st pue
(T11q Jo aur woxy ,0¢) spremdn pue st pue ([[iq Jo aur] woIj ,0f2) spremdn  ([[iq Jo aur woiy , 0gd) spremdn pue  ur ueyy padunouord srow [Lsou jo - ([[Iq Jo dur woxy ,Ged) spremdn pue
spremioy syurod Guruado p8udy [iq  pue spremioy syutod Suruado 4. ypBus)  spremioy syurod Suruado pBusy [iq  a8esyurrys qmongrp spaiq parmdesyyim - spremioy spurod Suruado p8usy [riq
Jo 906 ApPrewnxoxdde msou Sperg  [1iqJo %06 APrewrxordde msousperg  jo 9,0 A@Prewrxordde msou “perg  uosueduwrod saaes] afeurrys Sperg  jo 940F APrewnxoxdde qmsou sperg [LOSON
SpiIq 9AI[ ul se pasunouoxd
se jou smfun renqipuewr suedw
wodTuTW D surof agexunys ‘dy paooy Apdreys yym dn payooy Ajdreys yym
[LJSOu aXdym Mo[aq Suraq “punsip dn pasooy nq ‘st3un renqrpuew pue Arefixew  nq ‘smdun rengrpuew pue Are[[ixew
pdap 3seay jo eare ‘dy pasjooy Ajdreys  Ajdreys ypmm ng ‘sm8un renqrpuewr dn payooy A1dreys  snoqmnq  ApySis  ojur  Suiseamur  snoqmq  ApySys  ojur - Surseamur
mnq ‘eouereadde paamoep Suidoorp pue Arefxew snoqng ApySys ojur  ‘pedunouocrdun smSun IeMQIpuEWw  AUIOOIUNWND Sulof [INSOU dI9UM JO  UIODIUNWUND Sutol [LSOU dI9UyMm JO
ApySys [11q Suraid ‘spremumop saamd  Suiseanur “WIOdUIUND Suof [LSOU  ‘SUIMOLIEU JPUnSIp ou Yim ‘[iq jo  premioj jsnl Suq jpunsip yidep  premioy jsnl Susq pupsip ydep
pue snogmq sm3un Iemgpuews a1yMm Jo premiof jsnl Suq punsip  pSusy Suore ydop umoyun Guard  jsed] jo eare ‘oduereadde paamoap  jses] jo eare ‘eouereadde paamosp
udy} ‘[IISou jo premioy yun jySrens pdop jsed] jo eare ‘spremumop  JySrens Apirey uroorurer jo a3pe omo[  Suidoorp [iq Suiaid ‘spremumop  Surdoorp [q Suraid  ‘spremumop
wIodIuel Jo 98pa I9MO[ fOAIND S, SAIND O] SPUd) WIODIWEI JO A8pPa  PAAIND 2I0jaIay) ST erwo) ‘dn spremo;  9AINDd 0} Spud) WIOdIWEI JO 98pa  AAIND 0] SPUd) WIOdIWRI JO d3pd
padunouoxd sey erwo) ‘dy [[iq spremo}  1amo] ‘oamd s, paounouord sey  Aqenperd Suimorreu jng ‘edeys ur  1omof feamd s, ySis sey erwo) ‘dn  1omof amd s, y3is sey erwoy ‘dy
Sumadey ‘adeys ur remS8uery jsowe  erwoy ‘dy spremoy A[dreys Sumade; [eao ApySys Sureq [q jo aseq jo  spiemoy Afenpers Suimorreu ‘qiq jo  spremoy Aqenpeis Suimorreu ‘iq jo
pue aseq [[iq Je 9PIM LLIODLIdJe] e[ aseq [[Iq Je 9PIM UIODLIJE] e[  PIeMIOj }SOPeOIq UIODLDJe] e[  9seq Jeau JSapeoiq UIOOLIdje[ “De[g  dseq Ieau JSapeolq UIOdLYe| SpPe[g g
syred aregq

S[ppIW “Iauul ‘1m0

Iauur ‘[ppIu ‘1m0

Iauur “I19No ‘DPPIN

IaUUI “I9IN0 ‘A[PPIA

IaUUL “I9)No ‘S[ppIA

(110ys - Suoy)
sypdusy 20,

o8 -8

vordosy *1

SHIIUDAI0 ()

dSZN

spaiq parmde)

204

"aduRI9Ja1 10§ papraoid axe - “31 “(pajusWNIOP [[PM
jJou d1e INg “PasIu30091 Uaq dAeY VLY.L "] JO SAAAS-qNS IO Pue SI) U9IMID] SPOUDIDHIP Se vL]juAd 8 ' Yim AJuo apew st uostreduwod "gN)) sawads [onad uroys ajmym
-pue-3pR[q JURIXD IB[IWIS IO pue suawnads wnasnw J§ZN € 943 Yim sprad wiojs parmded § ayj Jo armpnys pue sogsuajoerey adewn(d jo uosuedwo) -1 xipuaddy



205

New Zealand storm-petrel

vordody *g 1|
Sururoped >rep smoys 1osdu Ajaq
Ay} Jo anuad ‘A[[dq JO d1UD ATYM
A3pnws 3dodxe spredispun umoiq
Srep Apejordwod Suraey srenprarpur
jsaxIep M ‘A[[aq 03 syue[y woij
UMOIq SIep JO JUnowre Surseadur sey
ydrow srep o3 ajerpaurajur ‘A[aq
/1SeaIq I9MO] SJIYM O} UOTIedIeWSp
dreys ypm jsearq 1addn umoiq
Srep sey ydiow jySi ‘epqerrep

¢ ored are s1ayyeay
[exaye] Auo areym ydiow rep ur
jdooxe  ‘@yym  syrea0d  rejraddn
‘reom ypm  3so]  saduryy  ym
SNOTACO dARY SIB}EJ [[B YSaIJ Udym
‘UMoI1q yspjoR[q oeq pue S[UBIA

aseq ared pafeaduod

ou ‘rayesy aep  Apjerdwo)

Surmapun ur
ypred remBuern ayym Sururioy snyy
‘e UM S)IA00 Surmidpun 1ojeard
pue UeTpaw SUTUTeWaI ‘UMOIG-3Ie[q
$119A00 SurmIapun 1assaf ‘sdny apym
ym  (spriq parmded o) repruurs)
IDUUT U0 JIYM pue gam IdNo uo
uMoIg-3oe[q S1PA0d Arewrid rapun
19ss9] pue Arewrrd ropun uerpaur
o ‘sadury oyym moireu K1aa
saurepuodds  ‘saduryy  ored  ypm
£o18 yrep sppa00 Arewnid ropun
121018 INOj IO pue  saZruay

¢ SHDA0D 0}
sagury afed woiy sduereadde pajsory
sey afewnyd ysory ur Surmraddn
Buimaroy pue saSrwar  ysppe[q
‘ream jim aonpar sadury sfed Lream
ym  soed  Surwodeq  Surmrsuur
uo reqSumm ored se SBumreadde
umoiq ysifa18 ored rope| ‘s}1oA0d
19jea18  pue  S)I9A0D URIpOW O}
Sa3ULLy 9IYM MOLIEU UJIM YSDYOR[Y

(suonendod pueyst usamiaq
SaLIBA) JUDISIXa-UOU jsowle 3uraq 0}
‘aur] uaxoiq 0} ‘aur| prjos dpa[dwod
woiy satrea siyy ySnoyye ‘Afpq jo
anuad umop Juruuni AUl UMOIq
SIep  ypm  Ajensn  ‘uonedrewap
Iedd sawmewos ‘syuepy pue A[aq
/1S€AIG-TOMO] SJTYM JIM SUrjSeIjuod
umoig-yep jsearg-1oddn foqerrep

¢ AIYM s}119A00 [reraddn ‘umorq
srep srepndeds ‘oppuewr uo Ajmorreu
‘dumr uo oyym padury Ajpeoiq
SIOUIEd) USalj UdYM ‘UMOIq-3de[q
dwni ‘umoiq yaep yoeq pue spueA

aseq ared pajeaduod

ou ‘myyesy rep  Ap@erdwo)

¢ OIIYM SILIR[[IXE pUE UeIpaut
‘I9SS3]  puB  ‘UMOIQ NIEP S}ISA0D
Surmiapun [eurrew Umoiq ysspe[q
sp0A00 Arewnd 1opun 19ssa] pue
sdny ayym Inq ‘Afpanpadsar ‘(spaiq
pamded 03 1eqruirs) s1ayjeay Jo aseq
0} SQOM IdUUl pue INNO A)IYM pue
Srep aaey sjoa00 Arewrnd ropun
ueIpaw ‘sa8uLly 2IYyM proIq Uim
£a18 >rep spos0d Arewrd ropun
109018 ‘umoiq-£a18 Niep saSrway

¢ Tea1 Je Sum Jo aseq o) redred
woiy Ieq UMoIq-Aa18 snondrdsuoour
suroy Sururayed Surmiaddn fumoiq
S[IEp S}9A0D URIpaW pue 19jeald pue
1501 Sa3ULLy 3TYM UIOM UM ‘Sa3uLiy
UMOIG-1eP MOLIBU S}IIA0D [eurdiew
‘0S8 SS9 SJPA0D  URIpAaW  ‘QIym
paSdury A[MOLIeU S}I19A0D 10ed18 UIM
“UMOIq TeP SHPA0D [ ‘D)ym paddn
SALIEPUODISINO ‘UMOI-3OR[q A[UIRA]

< A1199 21 Jo s1ayyeay oy
0 sa3uLLy 9}TYM dABY U0 SaTuaAN(
‘umorq djrep A[Pq ‘syuepy Iamo[
0juo UMOp syPA0d [reyraddn pue
dwni 1amoy woyy Jurpusixe Apym
105 jdooxe  ‘umorg-yoe[q  ApSON

¢ 5319400 [reyraddn pue dumi romor
SSOID® 331U M JO pureq padeys-n peoiq
105 3daoxe ‘umoiq ysppe[q Apiug

saseq JIep smoys
suawpads wnasnw jo uoneuIExd
‘e SIOIEdy  umoiq  ysppe[q
9SIMIAIO 0} $3skq UM PA[eaduo))

¢ §}19A00 SUIMIapUN IdUUT UO
yseqy ared paounouord moys Aueur
ySnoyse moySnory; umorqysspe[g

¢ Surmrauur ssome xeq edred
paounouoid Aensn e SUTuLIOy S}19A00
1918218 uMmoiq ysiaig 10 ysikaig sored
im SUnSeIju0d “UMOIq-3Pe[q saS Ty

uowrpads Suriy, ayy ueyy
QUI[PIW A} TedU JTYM d}e[NORLIT
ss9] Suraey ‘Gunyear)s Jo UOHNALISIP
ay ur meyIp suawnads sueg omy
Ay ‘Bunyeans UMoIq USRI UIm
pue ajym A[[dq pue }SeaIq-Iamof
‘umorq yspperq jsearq 1oddn

y MSHIUM it paBury Apounsipur
Speq 19MO[ Y} JO SIOYIEd) MIJ e,
‘310400 [rejraddn pue dumr ayym
YIm ‘oroqe umoiq yspperqsperg

(2a0qe se) s1ay3eay yIep
SSIMIBYIO O} Saseq AJIYM Pa[eaduo))

sag8pa ared
peorq yym spea0d Arewrnd repun
1918018 Aa13 ared ‘spren0d Arewrd
I9PUnN URIPIUI 3} 0} SOM I9JNO dIep
— spaiq parmdes ayy ur jusredde
saInjed) dnsouserp ayj jo [eIAAIS
SMOYS (£g6T) SMaYIRIA Ut 2dA} au jo
Suimerp ayy ‘1oramoy *;, L2138 Ayse
Mmoaq s[imb ‘eyym saurepyixe “yoejq
USTUMOI] $§}19A00 Surmiapun,, ‘Guim
PasOPD WOy UTeyIadse 0} JNOWI

A7y surnurexe 03 Surm uado
0} d[qeun jnq ‘S}I9A0D URY) IdNIep
sadiuar  ‘umoiq  ysppe[q/oe[g

Ao a3mym a3 ojur Sunoaloxd
UMOIG-USBPE[( YIIM “PjedIeWap [[om
J0U 35EaIq-19MO] Aym pue -1addn sprep
‘srenprarpur jsguoure dfqerres AySny
‘soypred ySnpy sprep  Suruioy  usyyo
‘SUe]j pUE BAIE [RIUD UBL) PIeal)s
Aiaeay axowr ATerousd A[[aq pue jseaiq
JO SOpIS ‘Sqam MIep J[qeLiea judde(pe
pue Sjjeys Iep UjIm SIayjeaj 0} anp
st Qunyeans ‘UMOIG-USDPe[q payeans
Apaeay 03 Apjerspowr quea  pue
‘sypuery S:mm “ISBAIQ-IOMO] UM UM
‘umorq  yspperqppelq  jsearq-raddn

(S1££6-) ysony uaym sdn ysnrym
Mmoueu  aaey Aew  SIOYRS) Peq
‘5310400 [reyraddn ayrym ojuo Surpusyxe
s1ayjeay pard pue 2Iym SWOS Ym
umorq  ysppelq  Apueurwopard
dwmi ‘umoiq ysppe[qspelq S[enie}
pue  ‘siendeds  Speq  ‘OpuUEBIA

(9A0qe se) s1oy3es) yiep
9SIMIAUO 0} $3seq ATYM Pafeadto))

umoiq ysopeyq ydurre jo a8pa
Surpea] spremoy Surayyeay ‘Aa18 ared
10 2ym A[ISOWw SILIB[[IXE S}ISA0D
SurmIopun 10)ea18 pue UeIpaw )M
ym  Sunsenjuod  ‘Umoiq  Ysppelq
$)10A00 19ss9] pue [eurSrew Gy
ur spaiq jo sojoyd ur Surmispun jo
aym ojur suopdafoxd yrep se usas)
SQOM ISUUI UM pUB SGOM Id}NO
UMOIq USR] PUNSIP ALY SHIA0D
Arewzd ropun uerpawr ‘Ao18 rored
s1ayeay Jsouauul ‘saury ajed peoiq
pm £a18 Srep s3roa0d Arewrrid opun
1018018 ‘UMOIq-A18 Nrep soSmuay

Teq redred ared e se moys
BAIE SIU} SYEUT OS[e YDTUYM (SAIJ UM
Ajqissod) saBury aped aaey siayesy
959} BAS Je PIAIdSO SPIq Ul ng
‘€0GF6-d PU GT£/6-d UO 1eam JO J[nsa1
e se sofed pareadde spea0d 19ye018
pue uerpawr ayy (G1££6-) soduty aed
aaey 0} readde mau uaYM SaLIEPUODAS
‘S}I9A0D URY) IOMIEp SOSIWRI jm
‘umoiq  ysppe[qpperq  Aferoussy

syrediopun

syredraddn

savrewnd
jJo aseq

Suimiapun

Summiaddn

‘panunuo)) ‘T xipuaddy



Stephenson et al.

206

"ZN “WNasnjy pueppny pue emareduo],
edeJ a1, pueeaz MaN JO WNISNIA Y} Je P[aY] suawads Jo uoneuruEXd WOIJ Udxe) os[e ST pajuasaid [eLrajew ay) Jo yonur nqg (ze6T) SMaYIeA ; “(0661) SUISSTH 2 jueyprelx ¢ (8161) AydiA ; (ze61) 1opAug 3 Aydmin

‘wordoay g
0y xeqruats wreped Surpaay pue Sy

¢ y31y ur
[tey jsed aloxd jou op 3994 ¢ peards
uaym papunox A;3ySiys o3 axenbs qrey,
‘vordosy *7 se aygoxd Suim pue adeys
Apoq reqrurg -k jo premioj yead
papunor yjm peayaioj snoqng

¢ BAIE SIU} UL YIep
Apueurwopard  are sydrow rep
puE JRIPIULIAIUI DIYM I8 PIYM
s1oyjedy [exdje] 3dodxe ‘umoiq yieq

padeys s[pped pue
PeOIq XLIPAI DB “Iep SI oM 12)N0
‘S95B(] ATYM PI[LIDUOD dABY] ST
I9/N0 Jo sqam 1auul A[uo ‘mofaq
pue 2A0qe UMOIqQ YsSDPe[q/soeg

¢ [BIPaYIp MO[[eys
PRy  sawmawos  sSurm
‘aoeyms uo Sumaped uajjo jou Jnq
o Sunpn| Apuanbaiy aoejins 19a0
Aprim Suims By Surpasy Sunnp
Burpr8 uaym ropeoiq readde sSum
‘s1eaq3uIm MO[S YIm paduim-peoiq
mmq Surddez-8iz pue oneun 3y

Auo  ur

< Sy
ur [rey puokaq up 1 jaloxd o9
¢ axenbs [rey, “Surpaay uaym papunox
arow “y3iy SurPaen ur pajurod
ApySrs ng peoiq sSum ‘Agqnyp
sreadde Apog "aks jo premioy sead
papunor yjm peayaioj snoqng

¢ AYM M padurry Amorreu
sIoyjeay  [eie]  ‘Umoiq NI

MOIIBU XLI}O9X
yoes ‘1ayjea) ayy Jo y8us| ayy Jrey
jsowre Gurpua)xa juaurword arour
I9UUl ‘S3seq UM PI[eDUOD dARY
SIOLI}AI IO JO SCOM IdINO pue
I9UUT ZMO[aq PUE dA0QE UMOI] Se[g

£DBJINS Ul paroypue, 10 urSuep
s3] pue A ur yoeq 1oa0 Y31y py
sSuim ym aoepns uo dum( pue
“rem ‘zoped “ramors ySryy Surpasy
{S]9[1JLMS 0} IR[IWIS ‘SAPI[S 1I0YS YJIm
poasadsiajur sjeaq-Surm prder ypm
“oa1p pue Suons Sy Sureaer]

WS ut
1rey 3sed ApySirs 1oaloxd 399 ¢ pasj1og
Apy8s 10 arenbs [ref, “Surpaay usym
os ssa] qydryy Surpeaen; ur pajutod
Adreys readde Aqrensn sSum “wrps
steadde Apog ‘aks jo premioy sead
papunor yjm peayaioj snoqng

9TYM S}IDA0D [Ie}IdPUN [e1dje]
mq ‘umorq deq Apueurwopaig

moireu
XIIJO9I oed jIep SI gam  Iano
“193eay au} Jo YSua[ aup Jrey jsowfe
Burpuajxe saseq AIYM  paeadUOd
9ABY SIDLIDI 1IN0 JO SGOM Iauul
AJuo ‘mo[aq pue 2A0qe UMOIg-3De[g

1rey ysed
Apusurword oford o9y -peards
uaym papunox A;3ySiys o3 axenbs qre,
‘suowpads woxy adeys Suim pue
Apoq ureyraeose 0y oy -adeys
PpeayaI0j/peay urepadse 03 JnduIq

BurBury
ared awos ‘saseq UM UM ‘UMOIq

ysppe[g/PeIq Apueunwoparg

MOLIeU X113091 oea ‘Juaurword
arow 3uraq IaUul ‘Sqam 1IN0 pue
IDUUT 9}TYM DALY SIILIIODI [RTJUD OM}
1dadxa [[e Jo saseq paeaduod ‘Mofaq
pue 2A0qe uMOIq YsDpe[q/yoerg

uopaxrp jo sadueyp ydniqe
juanbauy {20eJINS TDAO0 SIAOW 1 SE LIS
oy o Suppny| Auanbaiy ‘A ur ypeq
1200 ySry Apjerspow ppay sSuim
‘sopr@ pue Surddrp eoeyns ypm
‘1omors ySiy Surpasy ‘S1PJIMs 0}
Te[rurs A1aa ‘Surpr8 swos ‘1ajem 0}
mof “paxp “‘Buons 1Sy Sureaer]

Sy
ur [rey ysed Apusurword jaloxd 1991
‘peards uaym poapunor ApySis oy
arenbs [re], “Suriansouew 10 Surpaay
usaym papunor arow  Jurwodaq
Sy Sureaen ur pajurod Adreys
1eadde A[ensn s8urm “wips sreadde
Apog -peayaroy Surdofs sey pespy

eas je payder3ojoyd spiiq
ur uaas osfe ‘ream y8noayy A[qrssod
‘SNOIAQO SS9] ST SIY} T Ul ‘S}I9A0D
1070018 [R13R] SIEp O3 0 sdny AIym
MOLIBU SPIIq 7 Ul ‘S35 9JIYM }IM
UMOIq YSBOR[q/NOR[q AJURUIWIOPaI ]

Mmorreu thuvwx—
yoea “ySusy s, 1ay3edy U Jrey jsowfe
Suryoear  ‘oArsusixe  arowr Juraq
IDUUL ‘SqOM I9)NO pUR ISUUT JTYM
PO[EaOUOd  2ABY  SDLIOAL  [RIUD
omy ayy 3daoxa [e jo saseq ‘mofaq
pue aroqe umoiq ysppeq/yde[g

zzil pue
uorssargoxd
W81

2InpPNIg

$}19A00
[reepun

el

‘panunuo)) ‘T xrpuaddy



